INTRODUCTION
Although the incidence rate of pancreatic cancer was not as high as that of other
Strengths and limitations of this study
▪ This is the first study to evaluate the feasibility and efficacy of stereotactic body radiation therapy with Cyberknife combined with S-1 followed by sequential S-1 initially treated in patients with locally advanced pancreatic cancer. ▪ Owing to no optimal treatment in locally advanced pancreatic cancer and high adverse effects of the standard chemotherapy, alternative combination therapies with favourable efficacy and low toxicities are urgent. Cyberknife and S-1 have been proved effective in pancreatic cancer with low incidences of adverse effects. ▪ This is a single-centre, one-arm study.
Comparison with other treatment needs to be further investigated after the phase II trial. ▪ Loss of participants at follow-up is inevitable.
Hence, recruitment and duration of the study may be extended for availability of data for analysis.
gastrointestinal cancer in China, cancer mortalities in men and women ranked the sixth and seventh, respectively, in 2013, with surprisingly low 5-year survival rates (<5%). 1 Among patients first diagnosed with pancreatic cancer, only 15-20% of these patients were suitable for surgery, 2 and the 5-year survival rate of patients with R0 resection remained <20%. [3] [4] [5] Therefore, better efficacy could not be obtained via surgeries alone, resulting in great emphasis on adjuvant chemoradiotherapy. In 1997, gemcitabine had been confirmed to be the standard chemotherapy for pancreatic cancer. 6 However, it has not been proven whether gemcitabine can significantly improve prognosis in long-term follow-ups, especially when some patients were refractory to gemcitabine. Hence, there was an urgent need for the development of more effective chemotherapy.
S-1 is the prodrug of 5-fluorouracil (5-FU), which comprises of tegafur, gimeracil (dihydropyrimidine dehydrogenase inhibitor) and oteracil (inhibitor of phosphorylation in the gastrointestinal tract), with a ratio of 1:0.4:1. The first phase II clinical trials revealed good clinical efficacy with S-1. 7 In GEST, S-1 had better objective response rates than gemcitabine. In addition, S-1 was not inferior to gemcitabine in terms of overall survival (OS) rates and progression-free survival (PFS) rates. Furthermore, significant improvement of PFS rates could be achieved by the combination of S-1 and gemcitabine. 8 There was no difference between the incidence rates of the adverse effects of S-1 and gemcitabine. Therefore, S-1 was an alternative for treating locally advanced or metastatic pancreatic cancer, especially for those resistant to gemcitabine. Although there are no phase III studies on S-1, phase II studies have already shown better disease control rates (52-58%), median OS time (4.5-6.3 months) and tolerable adverse effects in gemcitabine-resistant advanced pancreatic cancers treated with S-1.
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However, few encouraging results were gained with the combination of S-1 and the other medications. 8 11-13 As a result S-1 combined with radiotherapy has been gradually applied for the treatment of pancreatic cancer. Besides, 5-FU has been proven to be radiosensitive; thus, improving clinical efficacy. 14 Compared with conventional radiation, a singlefraction dose and the total dose of the target volume can be increased in stereotactic body radiation therapy (SBRT). In addition, doses of organs at risk would be reduced; thus, effectively improving local control rates (LCR) and reducing radiation-related toxicities. 15 16 Shorter courses of SBRT also enhance patient's compliance and render the initial other treatments on schedule possible. 16 Previous studies on SBRT combined with other chemotherapy regimens are presented in table 1. Nevertheless, few studies have focused on S-1 combined with SBRT for locally advanced pancreatic cancer. Hence, the feasibility of combining S-1 and SBRT needs to be further confirmed. Based on our experience in treating locally advanced pancreatic cancer, SBRT combined with S-1 followed by sequential S-1 as the initial treatment for locally advanced pancreatic cancer has been proposed to evaluate its clinical efficacy.
METHODS

Study design
This is a single-centre, prospective, single-arm and phase II clinical trial designed and sponsored by the Department of Radiation Oncology of Changhai Hospital, which evaluated the safety and efficacy of combining Cyberknife with S-1 followed by sequential S-1 as an initial treatment in patients with locally advanced pancreatic cancer. After obtaining the patients' written informed consents, their information about baseline characteristics, individual treatment plans and follow-ups would be processed by database administrators responsible for this clinical trial. Although FOLFIRINOX and gemcitabine-based chemotherapy have been proven as a standard chemotherapy, side effects, especially gastrointestinal and haematological toxicities, may hamper the completion of full treatment with these drugs, and probably even result in reduced quality of life. Therefore, the advantage of S-1 in this case due to its features may display a favourable tolerability and safety profile. Presumably, this yields an innovative therapy, if deemed favourable, compared with conventional chemotherapy; and this could be another alternative, or even a recommended therapy, when patients are vulnerable or resistant to gemcitabine. The main rationale for the active recruitment of the S-1 as an initial treatment for locally advanced pancreatic cancer (SILAPANC) trial is to demonstrate the good tolerability of treatment with SBRT via Cyberknife combined with S-1, followed by sequential S-1 and to assess a potential therapeutic benefit based on the prognosis of patients.
Study objectives
The SILAPANC trial aims to investigate the efficacy and adverse effects of Cyberknife with S-1 in patients with locally advanced pancreatic cancer. The primary objectives are: 1. To evaluate the prognosis of patients with locally advanced pancreatic cancer after radiochemotherapy; 2. To determine adverse effects attributable to Cyberknife or S-1. The secondary objectives are: 1. To analyse the quality of life of patients with locally advanced pancreatic cancer treated with Cyberknife combined with S-1; 2. To demonstrate the potential factors associated with the safety and prognosis of patients with locally advanced pancreatic cancer after radiochemotherapy.
Participants and eligibility
To be eligible for inclusion in the SILAPANC trial, all patients with clinical suspicion for pancreatic cancer, as presented in the imaging studies, were required to undergo pathological examinations. If deemed necessary, further high-quality dedicated imaging of the 3 Open Access pancreas should be performed before patients are enrolled into the study and undergo any study-related procedures. Biopsies were performed with fine-needle aspiration via endoscopic ultrasound by experienced gastroenterologists. Specimen sections would be evaluated by two independent pathologists. After confirmed diagnosis of locally advanced pancreatic cancer by pathological examinations, patients should have the willingness and ability to provide an informed consent and comply with subsequent treatment plans, tests and other study procedures.
The following inclusion and exclusion criteria would be employed to preserve high internal validity and reduce risks of SBRT or S-1-induced adverse effects. In our study, locally advanced pancreatic cancer included borderline resectable or unresectable tumours without metastatic pancreatic cancer. Owing to better diagnostic yield, safety and the potential lower risk of peritoneal seeding, endoscopic ultrasound-guided fine-needle aspiration is preferred for all patients suspected of pancreatic cancer. However, patients with high risks of bleeding, pancreatitis or pancreatic fistula were not recommended to receive biopsies. Therefore, it is crucial and mandatory to establish the clinical diagnosis of pancreatic cancer with cautiousness by the multidisciplinary team based on medical histories and all kinds of tests before the following treatment.
Pretreatment assessment
After collection of data regarding pretreatment assessment, this information would be carefully checked and sent to the designers for the final approval of the study enrolment and verification of the diagnosis. After successful enrolment into the study, the baseline quality of life of the participants will be evaluated before treatment via questionnaires (European Organisation for Research and Treatment of Cancer Quality of Life Questionnaires, EORTC QLQ-PAN26 and QLQ-C30).
Withdrawal of participants
Participants could withdraw from the study any time for any reasons without any consequences. In addition, investigators are required to follow-up the whole treatment in case of radiochemotherapy-related severe adverse effects, in which investigators would stop the treatment temporarily or even exclude patients from the study. Patients who are intolerable to the treatment would definitely receive other alternative therapies based on the guidelines and experience of the multidisciplinary team. For every participant who withdraws from the study, the reasons for withdrawal from treatment should be recorded in details in the database.
Ethical approval
This study complies with the current Declaration of Helsinki, and the principles of Good Clinical Practice guidelines. This clinical trial has been registered and entered in the clinicaltrials.gov database (NCT02704143). This trial will also be carried out in keeping with local legal and regulatory requirements.
Prior to enrolment, the potential candidates would receive information on the study both verbally and in writing. They would be given 1-week to decide whether to participate into the study. Thereafter, informed consents, during which a physician will explain the nature, scope and possible consequences of the trial to the patient, is obtained from each patient. The investigators will not assume any demands, including publishing or reporting of individual patient's data, especially data required for this clinical trial, until a valid consent has been obtained. Patients' data would be kept strictly confidential within the study, but their pseudonymous medical records and information would be extracted from the database and reviewed for trial purposes by authorised individuals other than their treating physicians.
Study procedures Trial overview
After the successful assessment, the participants would be assigned into the treatment group. Individualised treatment plans would be made after the simulation, and these would be finally confirmed after a consensus is reached by two radiation oncologists and a medical physicist. The fractions and radiation doses of Cyberknife depend on each patient's medical condition, as well as the spatial location of the tumour and the adjacent organs at risk. Participants are required to receive SBRT with Cyberknife and one cycle of S-1 simultaneously. After the concurrent radiochemotherapy, two or three cycles of S-1 will be sequentially given. Optimisation of the combination of Cyberknife and S-1 focuses on the interval between Cyberknife and the initial of S-1. However, due to severe adverse effects or those regarded as grade 3 or 4 toxicities, the doses of radiation or S-1 may be modified or the interval of each radiation and the initial of S-1 may be delayed, or the treatment may even be stopped temporarily. These patients would be treated immediately and properly or, if deemed necessary, under the consultation of the multiple disciplinary team. For some patients, if they are reluctant to participate in the trial or are inappropriate for the treatment, as requested or evaluated by investigators, they would withdraw from the study and receive other alternative treatments. Figure 1 illustrates the flow diagram of the study.
Doses of S-1
The doses of S-1 are calculated by the body surface area. Hence, patients allocated to Cyberknife combined with S-1 arm will receive S-1 orally, two times a day, at a dose of 80 mg/m 2 for 28 days, followed by a 14-day interval.
CT simulation for treatment planning Each patient should be on fasting for at least 8 hours before the simulation. Vacuum bags are customised with patients in the supine position, according to the patient's body shape for immobilisation during Cyberknife. SBRT is delivered via Cyberknife, an image-guided frameless stereotactic robotic radiosurgery system (Accuray Corporation, Sunnyvale, California, USA), that consists of a linear accelerator mounted on a robot arm with six degrees of freedom. In this system, the confluence of a large number of non-isocentric pencil beams permits the treatment of irregularly shaped target volumes with rapid dose falloffs. The Cyberknife tracking system automatically compensates for the alignment offset and patient movements by adjusting the treatment isocentre. In addition, a CT-based treatment planning system is used at our institution. Then, plain CT and an enhanced pancreatic parenchymal CT are performed for radiation treatment planning and target delineations. CT images are acquired under breath-hold condition ( preferably end-expiratory). Pretreatment diagnostic imaging would be co-registered to the simulation CT in cases where the patient is unable to tolerate intravenous contrast. The scan range includes the whole pancreas, at least 10 cm above and below the tumour. Spiral CT is performed with a slice thickness of 1.5 mm, and images are reconstructed in slices of 1.5 mm at most. Intravenous contrast enhancement is performed with the injection of 80-100 mL of iodixanol, at a flow rate of 2.5 mL/s, and a delay of 45-55 s; as required for the pancreatic parenchymal phase.
Registration and tracking
The co-registrations of biphasic CT images are based on fiducials and anatomical (spinal) fusion. Before CT simulation, fiducials should be implanted using endoscopic ultrasound or CT guidance. This is essential for treatment planning and delivery. CT simulation will be performed 7-10 days after fiducial placement. This time interval is required to avoid early fiducial marker displacement or migration. In order to improve the accuracy of the treatment planning, the recommended number of implanted fiducials is preferably close to 3-5, but not in the tumour. As a result, given that fiducials could simulate the spatial location and displacement of the tumour, which is attributable to respiration, motion tracking should be performed by means of the correlation with these seeds; and fiducial markers render the Synchrony system equipped in Cyberknife feasible. This allows for respiratory motion tracking during irradiation. Nevertheless, patients with high risk of bleeding, abdominal infection, pancreatitis or pancreatic fistula are contradictory to several fiducial implants. Hence, one fiducial plus X-sight spine and Synchrony tracking technique could be alternatively used. Before treatment, direct digital radiography images of the spine would be applied to detect six-dimensional (6-D) errors; and this would be subsequently corrected for X-sight spine tracking on the patient's positioning. This would enable fiducial tracking during treatment.
Treatment planning and target delineation
After CT simulation, CT images are transferred to the workstation where the target volumes are contoured by an attending radiation oncologist. Gross tumour volume (GTV) is delineated as a radiographically evident gross disease in contrast CT acquired from the portal venous phase. At the discretion of the physician, clinical target volume (CTV) encompassing areas of the potential subclinical disease spread is also designated. In most cases, the CTV equals GTV. A 2-5 mm expansion margin is included to determine the planning target volume (PTV). When the tumour is adjacent to critical organs, the expansion of CTV should be avoided. Therefore, an individualised treatment plan would be developed based on tumour geometries and locations. Ninety per cent of PTV should be covered by the prescription dose. The prescription isodose line is limited to 70-75%, which would restrict the tumour D max . If the dose level violates the constraint of SBRT, the patient would be considered as ineligible for this trial. A single dose of PTV varies from 6.5 to 9 Gy. In particular, these doses would be reduced if the tumour is approximately one-third or more of the duodenum or stomach circumference, or if the tumour abuts the bowel in only one area, as determined by the relationship of the tumour to the duodenum in axial, coronal and sagittal planes in CT scans, or the space between the tumour and the bowel wall is <3 mm. Normal tissue constraints are according to the American Association of Physicists in Medicine guidelines in Task Group-101,  31 as presented in table 2 .
Long-term follow-up
Patients are re-evaluated after Cyberknife every 1 month for the first 3 months, every 2-3 months for the next 2 years and every 6 months for a total 5 years.
Remissions of symptoms and radiation-related toxicities would be assessed. In addition, they would undergo laboratory tests, physical examinations, analysis of quality of life, KPS scores and imaging studies every month Figure 1 Illustrates the flow diagram of the study. SBRT, stereotactic body radiation therapy.
within the first 3 months. Subsequent examinations in later follow-ups are the same.
Outcomes
Outcome definitions
Primary outcomes of the study were OS and 1-year, 2-year, 3-year, 4-year and 5-year OS rates. OS is defined as the time from the date of enrolment to death from any cause. Patients lost to follow-up, withdrawn or alive at the end of the follow-up should be kept confidential. Secondary outcomes include cancer-specific survival (CSS), PFS, time to progression (TTP), LCR, clinical benefit rates (CBR), radiation-induced acute and late toxicities, adverse effects of chemotherapy and quality of life of the patient. CSS is the time from inclusion to death caused by the tumour. PFS is the time from the date of enrolment to the confirmation of disease progression at any sites or death from any causes, if this occurred before disease progression. Local control is considered as a lack of enlargement of the tumour volume radiographically or stable/declining standardised uptake values on positron emission tomography CT scans. The definition of TTP is the time from inclusion to the recurrence of the tumour, including local recurrence or metastasis. CBR is the ratio of the number of patients with complete response, partial response, or stable disease to the total number of enrolled patients.
Evaluation of outcomes PFS, TTP, LCR and CBR are all associated with treatment response, as determined by the Response Evaluation Criteria In Solid Tumors (RECIST) criteria (V.1.1). Quality of life would be measured through EORTC QLQ (QLQ-C30 and QLQ-PAN26). Radiation-induced acute toxicities are adverse effects that occur within 90 days after treatment, and determined by the Radiation Therapy Oncology Group, 'Acute radiation morbidity scoring criteria'. Late toxicities occurring 3 months after SBRT are evaluated by the Radiation Therapy Oncology Group/EORTC, 'Late radiation morbidity scoring schema'.
Sample size determination
It was assumed that 1-year OS rate was 70% of locally advanced pancreatic cancers treated with Cyberknife combined with S-1. The potential benefit of the regimen was ∼20% increase in 1-year OS rate. In order to have 90% power to reject the null hypothesis if the alternative was true at level α=0.05, the required sample size for our study was 138. Additionally, a loss of 20% of patients due to lost to follow-up or withdrawn due to adverse effects or other reasons was estimated. Hence, a total of 190 patients were enrolled into this study.
Data analysis
Statistical testing will be performed using SPSS V.20.0 (IBM Corp, Armonk, New york, USA). All outcomes would be analysed based on intention-to-treat principle. PFS, OS and local control are calculated via the Kaplan-Meier method compared by the log-rank (Mantel-Cox) test. Response rates would be compared by a test of proportions. Further analysis would be performed in subgroups stratified by different factors.
Data management and quality assurance Data regarding the patient's characteristics, medical histories and results of clinical and laboratory tests or examinations will be kept in a password-protected database at the Department of Radiation Oncology in Changhai Hospital, which will only be disclosed to authorised individuals. The Ethics Committee of Changhai Hospital will be responsible for data monitoring. In addition, trial conducts will be audited by the committee every 6 months after the recruitment of participants. The accuracy of the data entry into the database will be confirmed by two administrators. The interim results will be accessed to authorised individuals and reported to the Ethics Committee of Changhai Hospital, which would make the final decision to terminate the trial if severe adverse effects occur frequently. DISCUSSION S-1 has been considered as an important chemotherapeutic drug in pancreatic cancer. In addition to convenient oral medication, many studies have verified that S-1 was not inferior to gemcitabine regarding OS and PFS. In adjuvant therapy, S-1 may be a candidate drug for a patient refractory to gemcitabine, but without phase III clinical trials. In addition, radiotherapy combined with S-1 probably contributed to the down staging of the tumour, as well as the lower complication rates of surgeries as the neoadjuvant therapy. 32 33 It was elucidated that neoadjuvant radiotherapy with S-1 was beneficial to potential candidates for radical surgeries, because OS could be improved significantly. 33 SBRT with Cyberknife has been proven with lower radiation toxicities, higher accuracy and better efficacy compared with conventional radiotherapy. Therefore, it is pivotal to evaluate the efficacy of SBRT with S-1 as the initial or even neoadjuvant treatment in locally advanced pancreatic cancer, which may be not inferior to previous conventional treatment or even more beneficial to patients than standard chemotherapy with conventional radiotherapy. However, no prospective clinical trials have provided such investigation. Hence, the goal of the SILAPANC trial is to assess whether better prognosis could be achieved with Cyberknife combined with S-1 followed by sequential S-1 as an initial treatment, which may provide new insights into the treatment of locally advanced pancreatic cancer.
